Summary. Repeated intraperitoneal injections of caffeine given to rats in dosages ranging from 4 to 16 mg daily throughout pregnancy resulted in significant resorptions and decrease in the birth weight ofthe offspring. These effects were dose-related. Developmental malformations, however, were not observed in the offspring at these dosage levels.
INTRODUCTION
Since caffeine is a universal beverage and is consumed in large quantities by the human race, its effect during gestation on the developing offspring is important. There is good evidence that caffeine is mutagenic in bacteria (Demerec and his co-authors, 1950; Demerec, Bertani & Flint, 1951; Gezelius & Fries, 1952; Novick, 1955; Greer, 1968) , fungi (Fries, 1950; Zetterberg, 1959) and plants (Kihlman & Levan, 1949; Kihlman, 1952) , as well as in Drosophila (Andrew, 1959;  Ostertag, 1963; Ostertag & Haake, 1966; Mittler, Mittler & Owens, 1967) and in human cells in vitro (Ostertag, Duisberg & Stürmann, 1965; Ostertag, 1966a, b; Ostertag & Greif, 1967) . Although there have been some conflicting reports on the mutagenicity of caffeine in higher organisms (Adler, 1970; Epstein, 1970) , chromosomal breakage has been induced in human cell cultures as well as in Drosophila (Kuhlmann, Fromme, Heege & Ostertag, 1968) .
Caffeine has been proven to be teratogenic in the offspring of mice following a single large intraperitoneal injection (Nishimura & Nakai, 1960; Fujii & Nishimura, 1969) , but the effect of relatively low doses has not been studied. In the present paper, the effect of repeated caffeine injections on the offspring of pregnant rats given a dose approximating to that of a high daily coffee con¬ sumption of humans is examined. t Given intraperitoneally every 6 hr; the control group re¬ ceived 1 ml normal saline intraperitoneally every 6 hr.
The dosage was continued from Day 0 to Day 20, at which time all animals were killed. Random serum caffeine levels were determined by the method of Axelrod & Reichenthal (1953) in each group. The peak of caffeine concentra¬ tion occurred 30 min after caffeine injection. The highest serum levels of caffeine reached in the experimental groups were: Group A, 2-8 mg/100 ml; Group B, 6-6 mg/100 ml; Group C, 14-6 mg/100 ml.
The Likewise, the average number of résorptions was twice as great in Group A (4 mg caffeine/day) as compared with the control group, and was quadrupled in Groups and C.
The average fetal weight was significantly decreased in all experimental groups, the decrease appearing to be dose-related. The placental weight generally corresponded to the weight of the fetus and the placentae showed no significant gross or histological changes.
No significant developmental malformations or skeletal defects were observed in the fetuses after dissection and staining.
DISCUSSION
Caffeine is apurine-l,3,7-trimethyl xanthine. It has been observed recently that inhibition of DNA polymerase activity is effected in human cell cultures at concentrations of caffeine above 500 //g/ml after 48 hr (Wragg, Carr & Ross, 1967) . When 1% caffeine is added to Hela cell cultures, extensive changes in the fine structure of the cells occurs with expulsion of nuclear material into the cytoplasm (Ostertag & Fromme, 1967) . In addition, breakage has been reported in human chromosomes, even in doses below 500 µg/ml (Kuhlmann et al., 1968) .
More recently, a high frequency of chromatid aberrations, predominantly of the unstable type, has been induced with caffeine in human leucocytes and human embryonic cells in culture (Lee, 1971) . Studies on the fate of radiationinduced chromosome aberrations (Buckton, Jacobs, Court Brown & Doll, 1962; Norman, Sasaki, Ottoman & Fingerhut, 1966; Sasaki & Norman, 1967; Leonard, 1970) have shown that such unstable aberrations do not survive cell divisions due to the genetic imbalance caused by the abnormal distribution of genetic material to the daughter cells. Furthermore, the absence of exchange aberrations and the restriction of damage to the DNA synthesis phase which Lee (1971) observed may relate to the ambiguous results on the effectiveness of caffeine in the induction of dominant lethal mutations in higher organisms.
A change in sex ratio has been observed in female larvae of Drosophila exposed to 1 % caffeine for 1 hr (Zetterberg, 1959) . After hatching, there was a shift of sex ratio in favour of females. Previous investigators have shown for X-rays (Oster, 1958; Ostertag & Müller, 1959; Ostertag, 1963) as well as for chemical mutagens (Ostertag, 1963) that this is related to genetic damage induced by chromosomal breakage. Loss of the X chromosome in male cells is lethal whereas a single X chromosome loss in female cells can be tolerated.
In the dog, Axelrod & Reichenthal (1953) have shown that caffeine is dis¬ tributed freely in the intracellular water of all tissues. Furthermore, Goldstein & Warren (1962) Nishimura & Nakai (1960) and Fujii & Nishimura (1969) . When the compound was administered between the 9th and 14th days, malformations, predominantly in the skeletal system, were found. Haematomata were also frequently observed.
The present experiments utilizing relatively small dosages of caffeine indicate that although fetal malformations are not produced at this low concentration, there is a significant degree of fetal loss and decrease in birth weight.
